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57 ABSTRACT 
A target location system comprising a signal transmitter 
arrangement for transmitting pulses the frequency of 
which increase progressively during each pulse period 
from a frequency f to a frequency f--Afand an echo 
signal receiver arrangement comprising a pair of echo 
signal receiver transducers arranged in spaced apart 
relationship, a first mixer having two input signal termi 
nals fed from the said transducers one transducer being 
fed from each terminal, a second mixer via which one 
transducer of the pair is arranged to feed the first mixer, 
the second mixer being fed with a local oscillator signal, 
a first filter via which one sideband output signal from 
the said second mixer is fed to the said first mixer and a 
plurality of bandpass filters forming a filter bank fed 
from the first mixer, the filters of the bank each having 
a different passband or slot whereby all slots in aggre 
gate cover a predetermined frequency band so that the 
bearing of a target from which an echo signal is re 
ceived is indicated in accordance with the slot or slots 
in which the echo signal is received. 

Goggins, Jr. ................ 343/5 HM X 

8 Claims, 3 Drawing Figures 
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TARGET LOCATION SYSTEMS 

This invention relates to target location systems. 
Conventional sonar systems for determining the bear 

ing of a target have beamformers which require a con 
tinuous line array with associated phase or time delay 
networks to steer the beam in the required direction. 
The present invention seeks to provide inter alia, a 
sonar system which does not use phase or time delay 
networks to form the beam and also does not require a 
multi-element array. 
According to one aspect of the present invention a 

target location system comprises a signal transmitter 
arrangement for transmitting pulses the frequency of 
which increase progressively during each pulse period 
from a frequency f to a frequency f--Afand an echo 
signal receiver arrangement comprising a pair of echo 
signal receiver transducers arranged in spaced apart 
relationship, a first mixer having two input signal termi 
nals fed from the said transducers one transducer being 
fed from each terminal, a second mixer via which one 
transducer of the pair is arranged to feed the first mixer, 
the second mixer being fed with a local oscillator signal, 
a first filter via which one sideband output signal from 
the said second mixer is fed to the said first mixer and a 
plurality of bandpass filters forming a filter bank fed 
rom the first mixer, the filters of the bank each having 
a different passband or slot whereby all slots in aggre 
gate cover a predetermined frequency band so that the 
bearing of a target from which an echo signal is re 
ceived is indicated in accordance with the slot or slots 
in which the echo signal is received. 
The target location system may be adapted for radar 

or sonar applications. 
In one embodiment according to the foregoing aspect 

of the invention, the first filter may be a high pass filter. 
According to an alternative aspect of the invention 

the system may include a third mixer via which the 
other transducer of the pair is arranged to feed the first 
mixer the local oscillator signal fed to the second mixer 
being at a frequency which is a harmonic of the local 
oscillator signal which is fed to the third mixer and a 
second filter arranged to pass one sideband of the out 
put signal from the third mixer to the first mixer. 

In one embodiment according to the alternative as 
pect of the invention the first and second filters may be 
low pass filters. In embodiments according to either of 
the foregoing aspect the first mixer may comprise a 
multiplicative mixer or alternatively it may comprise an 
additive mixer feeding the filter bank via an envelope 
detector. 
Some embodiments of the invention will now be 

described by way of example with reference to the 
accompanying drawings in which: 
FIG. 1 is a generally schematic block diagram of a 

receiving arrangement for a sonar system; 
FIG. 2 is a generally schematic block diagram of an 

alternative receiving arrangement for a sonar system; 
and 
FIG. 3 is a generally schematic block diagram of yet 

another alternative receiving arrangement for a sonar 
system. 

Referring now to FIG. 1, a sonar system comprises a 
Sonar signal transmitter (not shown) which produces a 
sonar transmission signal pulse which increases from a 
frequency of fo to a frequency f--Afin a time T sec 
onds. A sonar receiver arrangement for receiving echos 
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2 
of the transmitted sonar pulse reflected from targets the 
bearing of which it is required to determine comprises 
two transducers 1 and 2 spaced apart by a distance d 
and arranged to receive an echo of the transmitted sig 
nal from a target. It can be seen from FIG. 1 that the 
echo wave front approaches the transducers 1 and 2 at 
an angle 6, with respect to a line connecting them. Thus 
it will be appreciated that the transducer 1 receives a 
frequency fo when an echo signal is first detected and at 
Some time t later dependant upon 6 the second trans 
ducer 2 receives the same frequency but at this time t 
the frequency received by the transducer 1 will be 
f+ Afx(t/T). Signals from the transducer 1 are fed 
directly to a multiplicative mixer 3, whereas signals 
from the transducer 2 are fed to the multiplicative mixer 
3 via a further mixer 4 and a high pass filter 5. The 
further mixer 4 is fed on line 6 with a local oscillator 
frequency f, to provide an offset and the upper sideband 
output from the mixer 4 is passed by the filter 5 to the 
mixer 3. It can be seen from FIG. 1 that the output 
frequency from the mixer 3 will be dependent upon the 
angle 6 and will remain constant during the pulse per 
iod T assuming that the transducers 1 and 2 are not 
moved during this period. Output signals from the 
mixer 3 are fed to a filter bank comprising filters 7, 8 and 
9 only three of which are shown. The filters 7 and 8 are 
arranged to cover adjacent bandwidths and the other 
filters in the band are similarly arranged so that each 
filter covers a different bandwidth whereby the filter 
bank as a whole covers a predetermined bandwidth in 
discrete slots. It will be apparent that the angle 0 indica 
tive of the bearing of a target will be indicated in accor 
dance with which of the filters passes the output signal 
from the multiplicative mixer 3. 
FIG. 2 shows a modification of the arrangement of 

FIG. 1 wherein similar parts bear the same numerical 
designations. In the arrangement shown in FIG. 2 how 
ever, a further mixer 10 is provided having an associ 
ated filter 11 but whereas in the arrangement described 
with reference to FIG. 1 the filter 5 is a high pass filter 
with the arrangement as shown in FIG. 2 the filter 11 is 
a low pass filter and the corresponding filter 12 is a low 
pass filter also. The frequency of the local oscillator 
signal fed to the filter 10 is 2f, or some other harmonic 
of the frequency f, fed to the mixer 4. With this arrange 
ment it will be appreciated that the output frequency 
from the mixer 3 will vary about ft in accordance with 
the bearing of a target. 
Turning now to FIG. 3 a receiver arrangement is . 

shown which is similar to the arrangement described 
with reference to FIG. 1 but in which the multiplicative 
mixer 3 is replaced by an additive mixer 13 and an enve 
lope detector 14. In any of the foregoing embodiments 
it will be appreciated that the output signal or signals 
from filters, such as filter 7, 8 of the filter bank may be 
fed to any suitable signal processor which provides an 
indication of the presence of a significant output signal 
from one or other of the filters. Such a processor may 
comprise threshold gates whereby only those signals 
above a predetermined threshold are taken account of. 

It will be appreciated that the transmitter transducer 
should have a directivity pattern such that the sector of 
interest is covered. The transmitter transmits in effect, 
frequency modulated carrier. The modulation is such 
that the frequency changes linearly with time. The 
signal is received by the two separated receiver trans 
ducers or hydrophones. The signal received by one 
hydrophone is delayed with respect to the other due to 
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the difference in acoustic path length corresponding to 
a specific bearing. The two signals are then mixed giv 
ing rise to a difference frequency which is constant 
throughout the duration of the pulse from a specific 
bearing. Filtering the output waveform identifies a par 
ticular bearing, the beam pattern of which may be modi 
fied by the shape of the filter response and the pulse 
envelope. Using a parametric source enables broad 
broad band coverage, this in turn gives good resolution 
and a large sector coverage. The theory will now be 
considered; 

Consider a transmitted pulse whose carrier frequence 
f changes linearly with time during the period of the 
pulse. 

Its phase db at any instant is: 

db = (?o-t-i-A?(f/2T)--Constant)2nt (2) 

T is the period of the pulse. If the echo from this pulse 
is received by two hydrophones 1 and 2 spaced by a 
distanced (FIG. 1), then the difference in the time of 
arrival at the two hydrophones resulting from this pulse 
is proportional to sin 6 (where 6 is the bearing of the 
echo source). The instantaneous phase of the echo at 
each hydrophone is: 

dA = (fot + Aft/2T+ Constant)2T (3) 

and 

dbB=(fo(t-t')) + Af(t-t')/2T)+ Const)27t (4) 

Where t' is the difference in the time of arrival between 
the two hydrophones. 
The output from hydrophone 1 is then multiplied by 

a bias frequency ft, and one of the sidebands is removed 
by filtering e.g. remove the lower sideband giving the 
resulting phase as: 

(bA'=(for +ft + Af(f/2)+Const)2n +(n/2) (5) 

The following process may be achieved using two 
methods both of which have their advantages and dis 
advantages. 
(a) A multiplicative system as shown in FIG. 1 and 
FIG. 2, or 

(b) An additive system as shown in FIG. 3. 
In the multiplicative system the resulting signals from 

hydrophones 1 and 2 are multiplied together resulting in 
sum and difference frequencies being generated. It is the 
difference frequency that is of intereset. 

dba'-dB=(fot +for+(AW/27)(2tt'-t'))2T + T (6) 

... Difference frequency f=fb --(Aft'/T) 
Now t'=(d/c) Sin 6 

far f--Af(d/cT)Sin 8 (7) 

Hence by selecting fb such that f never becomes 
negative for all values of 6 within the sector, the direc 
tion from which an echo is received may be identified 
by a frequency. 

Since the system is pulsed there is never only one 
discrete frequency present at any instant. The band 
width is defined by the reciprocal of the pulse length T. 
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4. 
Hence the beam width is limited by the pulse length. 
The resolution of this system is: 

Considering now the Additive System (b). This is 
similar to the multiplicative system just described. The 
second multiplication stage is however replaced by an 
adder followed by an energy detector or envelope de 
tector (FIG. 2.) The resulting bearing indentifying fre 
quency is as before: 

fift,-- Af(d/cT) Sin 6 

The resolution is however only half as good. 

A6-(ca)(1Mf) radians. 

In both systems the outputs are fed into a bank of 
overlapping filters, the characteristics of which may be 
used to shape the beam patterns thereby reducing side 
lobes. The output from each filter represents one beam 
and since each beam is sampled independently a parallel 
system has been achieved. 
The advantages of using this system are conventional 

systems are twofold: 
(i) Cost 
(ii) Simplicity 
Since only two hydrophones are used a considerable 

number of transducers may be omitted and conse 
quently their associated electronics. The beams are 
formed in the frequency domain and not spatially as 
with conventional systems. 

It will be appreciated that the system could be ap 
plied in corresponding Radar Navigation and/or target 
location systems. Navigation systems being a variant 
included within the term target location. 

I claim: 
1. A target location system comprising a signal trans 

mitter arrangement for transmitting pulses having a 
frequency which increases progressively during each 
pulse period from a frequency f to a frequency f--Af, 
and an echo signal receiver arrangement comprising a 
pair of echo signal receiver transducers arranged in 
spaced apart relationship for receiving an echo signal, a 
first mixer having two input signal terminals and an 
output terminal, a second mixer having two input termi 
nals and an output terminal, one input terminal of said 
second mixer being fed from one transducer of the pair, 
the other input terminal of the second mixer being fed 
with a local oscillator signal, said second mixer produc 
ing a mixer output signal at said output terminal of said 
second mixer, a first filter connected to the output ter 
minal of the second mixer for producing one side band 
output signal of said mixer output signal from the said 
second mixer, said one side band output signal being fed 
to one input terminal of the said first mixer, the other 
input terminal of said first mixer being fed from the 
other transducer of the pair, said first mixer producing 
a further mixer output signal at said output terminal of 
said first mixer, and a plurality of band pass filters form 
ing a filter bank connected to the output terminal of the 
first mixer, the filters of the bank each having a different 
pass band slot wherein all slot of said filters in aggregate 
cover a predetermined frequency band, one of said 
filters indicating the bearing of the target from which an 
echo signal is received in accordance with the corre 
sponding slot in which the echo signal is received. 
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2. A target location system as claimed in claim 1, 
wherein the said first filter is a high pass filter. 

3. A target location system as claimed in claim 1, 
including a third mixer having two input terminals and 
an output terminal, and a second filter connected be 
tween the output terminal of the third mixer and said 
first mixer, the said other transducer being connected to 
one input terminal of the third mixer, the other input 
terminal of the third mixer being fed with a further local 
oscillator signal, the third mixer producing an addi 
tional mixer output signal at the output terminal of the 
third mixer, the local oscillator signal fed to the second 
mixer being at a frequency which is a harmonic of the 
further local oscillator signal which is fed to the third 
mixer, and the second filter being arranged to pass one 
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6 
side band of the additional mixer output signal from the 
third mixer to the first mixer. 

4. A target location system as claimed in claim 3, 
wherein the first and second filters are low pass filters. 

5. A target location system as claimed in claim 4, 
wherein the first mixer comprises a multiplicative 
mixer. 

6. A target location system as claimed in claim 2, 
wherein the first mixer is an additive mixer, said system 
including an envelope detector connected between the 
first mixer and the filter bank. 

7. A target location system as claimed in claim 1, 
wherein the signal receiver transducers are used in a 
sonar system. 

8. A target location system as claimed in claim 1, 
wherein the echo signal receiver arrangement is used as 
a radar signal receiver. 


